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Description 
TECHNICAL FIELD 

5 The present invention Is useful in the medicinal field. In particular, the present invention relates to an antitumor or 
anti-AIDS composition containing a protein-farnesyltransferase (PFT) inhibitor and an agent which decreases farnesyl 
pyrophosphate in vivo as active ingredients. 

BACKGROUND ART 

w 

The ras oncogenes are activated through mutation and their translation products, the Ras proteins, play an impor- 
tant role in transformation of normal cells to cancer cells. Active ras oncogenes are observed in many types of cancer 
such as colorectal cancer and pancreatic cancer, reportedly in about 25% of human cancers. Accordingly, suppression 
of activation of the ras oncogenes or inhibition of the function of their products, the Ras protein, leads to prevention of 
75 carcinogenesis and is expected to prdduce.an antitumor effect. 

On the other hand, it has been revealed recently that the Ras proteins require their farnesylation in order to function 
and that inhibition of farnesylation prevents the Ras proteins from localizing on ceil membranes and thus blocks carci- 
nogenic transformation of cells. The activation of the Ras oncoproteins can be depressed by inhibiting protein-farnesyl- 
transferase (PFT), the enzyme which catalyses farnesylation of the Ras proteins. Since the enzyme is involved in 
20 farnesylation of a limited number of proteins in the body, PFT inhibitors are promising as safe and selective antitumor 
agents. From this standpoint, a number of PFT inhibitors have been developed recently [Cell, vol. 57, 1167-1177 

(1989) ; Proc. Natl. Acad. Sci, vol. 86, 8323-8327 (1989); Proc. Natl. Acad, Sci, vol. 90, 2281-2285 (1993); Science, vol. 
245. 379-385 (1989); Science, vol. 260, 1934-1937 (1993); Science, vol. 260, 1937-1942 (1993); J. Biol. Chem., vol. 
266, 15575-15578 (1991); J. Antibiotics, vol. 46, 222-227 (1993); Japanese Unexamined Patent Publication JP-A-5- 

25 201869; Japanese Unexamined Patent Publication JP-A-5-213992]. 

Recent study by the present inventors demonstrated that these PFT inhibitors can block the reactivation of static 
viruses by suppressing development of matured Ras proteins and are useful as anti-AIDS (HIV) agents (Japanese Pat- 
ent Application JP6-331 691). 

However, in order to development them as drugs, there still remain problems that most of these PFT inhibitors have 
30 low activities in cells and do not have sufficient effect in vivo. 

It is reported that agents which decrease farnesyl pyrophosphate in vivo, especially those which inhibit biosynthesis 
of farnesyl pyrophosphate such as hydroxymethylglutaryl CoA reductase (HMG CoA reductase) inhibitors are expected 
to exert antitumor effect by suppressing the functioning of the Ras oncoproteins [J. Biol Chem:, vol. 265, 19937-19941 

(1 990) ]. However, these agents exhibit quite insufficient antitumor activities when they are used alone. 

"35 

DISCLOSURE OF INVENTION 

The object of the present invention is to provide a novel antitumor or anti-AIDS agent which suppresses the function 
of, the Ras oncoprotein and thereby exerts antitumor or anti-AIDS effect. 
40 The present inventors have found that compositions containing a protein-farnesyltransferase inhibitor in combina- 
tion with an agent which decreases farnesyl pyrophosphate in vivo suppresses the function of the Ras oncoproteins 
remarkably and are useful as antitumor or anti-AIDS agents, and have accomplished the present invention. 

The present invention provides an antitumor or anti-AIDS composition containing a protein-farnesyltransferase 
inhibitor and an agent which decreases farnesyl pyrophosphate in vivo as active ingredients. 
45 The symbols and terms used herein will be explained. 

There is no restriction on the agent which decreases farnesyl pyrophosphate in vivo, as long as it is a pharmaceu- 
tical^ acceptable agent having such an acton. For example, inhibitors of biosynthesis of farnesyl pyrophosphate are 
preferred. In particular, agents which inhibit biosynthesis of farnesyl pyrophosphate such as hydroxymethylglutaryl CoA 
reductase inhibitors like lovastatin, simvastatin, pravastatin and fluvastatin, which are disclosed in Nature, vol. 343, 425- 
50 430 (1990) and hydroxymethylglutaryl CoA synthase inhibitors may be mentioned, and particularly preferred are 
hydroxymethylglutaryl CoA reductase inhibitors such as lovastatin, simvastatin, pravastatin and fluvastatin. 

There is no restriction on the protein-farnesyltransferase inhibitor as long as it is a pharmaceutical^ acceptable 
agent which inhibits the function of protein-farnesyltransferase in vivo. However, in the present invention, a competitive 
inhibitor which competes with farnesyl pyrophosphate is preferred, and for example, a compound represented by gen- 
55 eral formula [l-a]: 
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70 



75 




[I-a] 



which may be the same or different is an aryl group or an aromatic heterocyclic group; A la is a saturated or unsaturated 
aliphatic C 2 . 8 hydrocarbon group which may have substituents from the group consisting of lower alkyl groups, hydroxyl 
groups, lower hydroxyalkyl groups, lower alkoxy groups, carboxyl groups, lower carboxyalkyl groups, aryl groups and 
aralkyl groups; Q 1a is -(CH 2 ) m -(wherein m is an integer of from 1 to 6) or -(CH 2 ) n -W 1a -(CH 2 ) p - (wherein W 1a is an oxy- 
gen atom, a sulfur atom, a vinylene group or an ethynylene group; each of n and p which may be the same or different 
is an integer of from 0 to 3); R 1a is a hydrogen atom, a halogen atom, a hydroxyl group, a lower alkyl group, a lower 
alkoxy group or an aryl or aromatic heterocyclic group which may have substituents selected from the group consisting 
of halogen atoms, lower alkyl groups or lower alkoxy groups; each of R 2a , R 7a and R 8a which may be the same or dif- 
ferent is a hydrogen atom, a halogen atom, a hydroxyl group, a lower alkyl group or a lower alkoxy group; each of R 3a 
and R 4a which may be the same or different is a hydrogen atom, a halogen atom, a hydroxyl group, an amino group, a 
nitro group, a cyano group, a carboxyl group, a lower alkoxycarbonyl group, a carbamoyl group, a lower alkylcarbamoyl 
group, a lower alkyl group, a lower hydroxyalkyl group, a lower fluoroalkyl group or a lower alkoxy group; R 53 is a lower 
alkyl group; and R 6a is a hydrogen atom or a lower alkyl group, or a compound represented by genera! formula [l-b]: 




[1-bJ 



which may be the same or different is an aryl group or an aromatic heterocyclic group; A 1b is a saturated or unsaturated 
55 aliphatic C 2 . 8 hydrocarbon group which may have substituents selected from the group consisting of lower alkyl groups, 
hydroxyl groups, lower hydroxyalkyl groups, lower alkoxy groups, carboxyl groups, lower carboxyalkyl groups, aryl 
groups and aralkyl groups; each of X 1b and Y 1b which may be the same or different is an oxygen atom, a sulfur atom, 
a carbonyl group, -CHR 10b -(wherein R 10b is a hydrogen atom or a lower alkyl group) or -NR' 1b - (wherein R 11b is a 
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hydrogen atom or a lower alkyl group), or X 1b and Y 1b together represent a vinylene group or an ethynylene group; each 
of R 1b R 2b , R 3b , R 8b and R 9b which may be the same or different is a hydrogen atom, a halogen atom, a hydroxy! group, 
a lower alkyl group or a lower alkoxy group; each of R 4 * 5 and R* which may be the same or different is a hydrogen atom, 
a halogen atom, a hydroxyl group, an amino group, a nitro group, a cyano group, a carboxyl group, a lower alkoxycarb- 

5 onyl group, a carbamoyl group, a lower alkylcarbamoyl group, a lower alkyl group, a lower hydroxyalkyl group, a lower 
fluoroalkyl group or a lower alkoxy group; R 6b is a lower alkyl group; and R 7b is a hydrogen atom or a lower alkyl group, 
provided that when either X 1b or Y 1b is an oxygen atom, a sulfur atom or -NR 11b - (wherein R 11b is the same as defined 
above), the other is a carbonyl group or -CHR 10b - (wherein R 10b is the same as defined above) may be mentioned. 
The compounds represented by the general formula (l-a] or [l-b] will be described in detail with reference to the def- 

w inition of the symbols and terms and preferred embodiments. 

The aryl group means a phenyl group, a naphthyl group or ah anthryl group, preferably a phenyl group or a naphthyl 
group. 

The aromatic heterocyclic group means a 5- or 6-membered monocyclic aromatic heterocyclic group containing 
one or two hetero atoms which may be the same or different and are selected from oxygen atoms, nitrogen atoms and 

15 sulfur atoms, or a condensed aromatic heterocyclic group composed of such a monocyclic aromatic heterocyclic group 
condensed with the above-mentioned aryl group or composed of the same or different mononuclear aromatic hetero- 
cyclic groups condensed together. For example, a pyrrolyl group, an imidazolyl group, a pyrazolyl group, a pyridyl group, 
a pyrazinyl group, a pyrimidinyl group, a pyridazinyl group, an oxazolyl group, an isoxazolyl group, afuryl group, athienyl 
group, a thiazolyl group, an isothiazolyl group, an indolyl group, a benzofuranyl group, a benzothienyl group, a benzim- 

20 idazolyl group, benzoxazolyl group, benzisoxazolyl group, a benzothiazolyl group, a benzisothiazolyl group, an indazolyl 
group, apurinyl group, a quinolyl group, an isoquinolyl group, a phthalazinyl group, a naphthyridinyl group, aquinoxali- 
nyl group, a quinazolinyl group, a cinnolinyl group and a pteridinyl group may be mentioned. In particular, a furyl group, 
a thienyl group, a pyridyl group, a pyrimidinyl group, an oxazolyl group, isoxazolyl group, thiazolyl group, a benzofuranyl 
group, a benzothienyl group, a benzimidazolyl group, a benzoxazolyl group, a benzothiazolyl group and a quinolyl group 

25 are preferred. 

The lower alkyl group means a linear or branched alkyl group having from 1 to 6 carbon atoms, such as a methyl 
group, an ethyl group, a propyl group, an isopropyl group, a butyl group, a sec-butyl group, a tert-butyl group, a pentyl 
group or a hexyl group, preferably a methyl group or an ethyl group. 

The aralkyl group means the above-mentioned lower alkyl group substituted with the above-mentioned aryl group, 
30 such as a benzyl group, a phenethyl group, a 3-phenylpropyl group, a 1 -naphthyl methyl group, a 2-naphthylmethyl 
group and a 1-(2-naphthyl)ethyl group, preferably a benzyl group, a phenethyl group or a 2-naphthylmethyl group. 

The lower hydroxyalkyl group means the above lower alkyl group having hydroxy group(s), namely a hydroxyalkyl 
group having from 1 to 6 carbon atoms, such as a hydroxymethyl group, a hydroxyethyl group, a hydroxypropyl group 
or hydroxybutyl group, preferably a hydroxymethyl group or a hydroxyethyl group. 
35 The lower alkoxy group means an alkoxy or alkylenedioxy group having from 1 to 6 carbon atoms, such as a meth- 
oxy group, an ethoxy group, a propoxy group, an isopropoxy group, a butoxy group, a tert-butoxy group, a methylenedi- 
oxy group, an ethyienedioxy group or a trimethylenedioxy group, preferably a methoxy group, an ethoxy group or a 
methylenedioxy group. 

The lower carboxyalkyl group means the above lower alkyl group having carboxyl group(s), namely a carboxyalkyl 

40 group having from 1 to 7 carbon atoms, such as a carboxymethyl group, a carboxyethyl group, a carboxypropyl group 
or a carboxybutyl group, preferably a carboxymethyl group or a carboxyethyl group. 

As the saturated aliphatic hydrocarbon group, an ethylene group, a trimethylene group, a tetramethylene group, a 
pentamethylene group, a hexamethylene group, a heptamethylene group or an octamethylene group may be men- 
tioned. Particularly preferred is a trimethylene group, a tetramethylene group or a pentamethylene group. 

45 The unsaturated aliphatic hydrocarbon group means an unsaturated aliphatic hydrocarbon group having one or at 
least two double bonds, preferably one or two double bonds at optional positions in the carbon chain, such as a vinylene 
group, a propenylene group, a 1-butenylene group, a 2-butenylene group, a 1,3-butadienylene group, a 1-pentenylene 
group, a 2-pentenylene group, a 1 ,3-pentadienylene group, a 1 ,4-pentadienylene group, a 1 -hexenylene group, a 2-hex- 
enylene group, a 3-hexenylene group, a 1 ,3-hexadienylene group, a 1 ,4-hexadienylene group, a 1,5-hexadienylene 

so group, a 1 ,3,5-hexatrienylene group, a 1 -heptenylene group, a 2-heptenylene group, 3-heptenylene group, a 1 ,3-hepta- 
dienylene group, a 1,4-heptadienylene group, a 1,5-heptadienyiene group, a 1 ,6-heptadienylene group, a 1,3,5-hep- 
tatrienylene group, a 1-octenylene group, a 2-octenylene group, a 3-octenylene group, 4-octenylene, a 1,3- 
octadienylene group, a 1,4-octadienylene group, a 1 ,5-octadienyIene group, a 1,6-octadienylene group, a 1,7-octadi- 
enylene group, a 2,4-octadienylene group, a 2,5-octadienylene group, a 2,6-octadienylene group, a 3.5-octadienylene 

55 group, 1 ,3,5-octatrienylene group, a 2.4.6-octatrienylene group or a 1 ,3,5,7-octatetraenylene group, preferably a prope- 
nylene group, a 1 -butenylene group, 1 ,3-butadienylene group or a 1 -pentenylene group. 

The halogen atom means a fluorine atom, a chlorine atom, a bromine atom or an iodine atom, preferably a fluorine 
atom or a chlorine atom. 
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The lower alkoxycarbonyl group means an alkoxycarbonyl group having from 1 to 7 carbon atoms, such as a meth- 
oxycarbonyl group, an ethoxycarbonyl group, a propoxycarbonyl group, a butoxycarbonyl group or a tert-butoxycarbonyl 
group, preferably a methoxycarbonyi group or an ethoxycarbonyl group. 

The lower alkylcarbamoyl group means a carbamoyl group substituted with the above one or two lower alkyl 
5 groups, such as a methylcarbamoyl group, an ethylcarbamoyl group, a dimethylcarbamoyl group or a diethylcarbamoyl 
group. 

The lower fluoroalkyl group means the above lower alkyl group having fluorine atom(s), namely a f luoroalkyl group 
having from 1 to 6 carbon atoms, such as a f luoromethyl group, a dif luoromethyl group, a trif luoromethyl group, a 1 -f luor- 
oethyl group, a 2-f luoroethyl group, a 2,2,2-trifluoroethyl group or a pentafluoroethyl group. 

io The salt of the compound of the formula [l-aj or [l-b] means a common pharmaceutical^ acceptable salt and may, 
for example, be a base addition salt of the carboxyl group, or an acid addition salt of the basic nitrogen. 

The base addition salt may, for example, be an alkali metal salt such as a sodium salt or a potassium salt; an alka- 
line earth metal salt such as a calcium salt or a magnesium salt; an ammonium salt; an organic amine salt such as a 
trimethylamine salt, a triethylamine salt, a dicyclohexylamine salt, an ethanolamine salt, a diethanolamine salt, a trieth- 

15 anolamine salt, a procaine salt or a N.N'-dibenzylethylenediamine salt. 

The acid addition salt may, for example, be an inorganic acid salt such as a hydrochloride, a sulfate, a nitrate, a 
phosphate or a perchlorate; an organic acid salt such as a maleate, a fumarate, a tartrate, a citrate, an ascorbate or a 
trif luoroacetate; or a sulfonate such as a methanesulfonate, an isethionate, a benzenesulfonate or a p-toluenesulfonate. 
The ester of the compound of formula [l-a] or [l-b] means a common pharmaceutical^ acceptable ester, and may, 

20 for example, be an ester with a lower alkyl group such as a methyl group, an ethyl group, a propyl group, an isopropyl 
group, a butyl group, a sec-butyl group, a tert-butyl group, a cyclopropyl group or a cyclopentyl group, an ester with an 
aralkyl group such as a benzyl group or a phenethyl group, an ester with a lower alkenyl group such as an allyl group 
or a 2-butenyl group, an ester with a lower alkoxyalkyl group such as a methoxymethyl group, a 2-methoxyethyl group 
or a 2-ethoxyethyl group, an ester with a lower alkanoyloxyalkyl group such as an acetoxymethyl group, a pivaloy- 

25 loxymethyl group or a 1-pivaloyloxyethyl group, an ester with a lower alkoxycarbonylalkyl group such as a methoxycar- 
bonylmethyt group or an isopropoxycarbonylmethyl group, an ester with a lower carboxyalkyl group such as a 
carboxymethyl group, an ester with a lower alkoxycarbonyloxyalkyl group such as a 1-(ethoxycarbonyloxy)ethyl group 
or a 1-(cyclohexyloxycarbonyloxy)ethyl group, an ester with a lower carbamoyloxyalkyl group such as a carbamoy- 
loxymethyi group, an ester with a phthalidyl group or an ester with a (5-substituted-2-oxo-1,3-dioxol-4-yl)methyl group 

30 such as a (5-methyl-2-oxo- 1 ,3-dioxoI-4-yl)methyl group. 

Further, when a hydroxy! group is present at the y-or 5-position of the terminal carboxyl group or of a carboxyl group 
when such a carboxyl group or a lower carboxyalkyl group is present on the saturated or unsaturated aliphatic hydro- 
carbon group represented by A in the formula, such a hydroxyl group and a carboxyl group may form an intramolecular 
ester, namely, a 5- or 6-membered lactone ring. 

35 The compound represented by general formula [l-a] or [l-b] may have stereoisomers such as optical isomers, dias- 
tereomers and geometrical isomers, depending upon the form of its substtuents. The present invention includes all 
these stereoisomers and their mixtures. In particular, a compound represented by general formula [r-a-1]: 




40 

CH 

o3a ( A \2a V r -N~ C~ A-^OOH 
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50 



or by general formula [l-a-2]: 
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R 8a 





r . 2a V . t 

R 4a "s. L, 0 



R3§ -^_Ar 2s -C— C— N— C — A-^-cOOH 



/V 
R 5a H 



is wherein 



so 



A ia Q ia R ia i R 2a R 3a_ R 4 8i R 5a R 6a R 7a and R 8a are ^ same as ,jefjned above, or a compound represented by 
general formula [l'-b-1]: 



25 



R lb R 3b 

G x 2 / ■ V cr " b - I] 

R 6b (_j 0, 



30 
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>7b 



35 



or by general formula [P-b-2]: 



40 



>3b 



? R 9b 



45 



„ ^Ar 



CH 2 H v/^ [r-b-2] 
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R V y b ~C— C— -N— C— A^-COOH 
5b^ / V 'I 

R= R 5b H 0 



wherein 
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A ib x ib Y ib Rib R 2b R 3b R 4b R 5b R 6b R 7b R 8b and R 9b are the same as defined above is preferred. 

When W 1a is a vinylene group, the group -(CH 2 ) n -W 1a -(CH 2 )p- (wherein W 1a , n and p are the same as defined 
above) as Q 1a has geometric isomers, the E isomer (the trans-isomer) and the Z isomer (the cis-isomer), in relation to 
w the vinylene group. In such a case, the E isomer Is preferred. 

In general formula [1-b], each of X 1b and Y 1b which may be the same or different, is an oxygen atom, a sulfur atom, 
a carbonyl group, -CHR 10b - (wherein R 10b is a hydrogen atom or a lower alkyl group) or -NR 11b - (wherein R 11b is a 
hydrogen atom or a lower alkyl group) , or X 1 b and R 1 b together represent a vinylene group or an ethynylene group, pro- 
vided that when either X 1b or Y 1b is an oxygen atom, a sulfur atom or -NR 11b - (wherein R 11b is the same as defined 
is above), the other is a carbonyl group or a -CHR 10b - (wherein R 10b is the same as defined above). 

As the compound represented by general formula [l-b], a compound wherein X 1b is -NR 11b - (wherein R 11b is the 
same as defined above), and Y 1b is a carbonyl group, a compound wherein X 1b is an oxygen atom, and Y 1b is • CHR 10b - 
(wherein R 10b is the same as defined above) or a compound wherein both X 1b and Y 1b are -CHR 10b - (wherein R 10b is 
the same as defined above) is preferred. 
20 In general formula [l-a] or [l-b], the saturated or unsaturated aliphatic C 2 . 8 hydrocarbon group, as A 1a or A 1b which 
may have substituents selected from the group consisting of lower alkyl groups, hydroxyl groups, lower hydroxyalkyl 
groups, lower alkoxy groups, carboxyl groups, lower carboxyalkyl groups, aryl groups and aralkyl groups, means the 
above-mentioned saturated or an unsaturated aliphatic hydrocarbon group which is not substituted or the above-men- 
tioned saturated or unsaturated aliphatic hydrocarbon group having one or at least two identical or different substitu- 
25 ents, preferably from 1 to 3 identical or different substituents selected from the group consisting of lower alkyl groups, 
hydroxyl groups, lower hydroxyalkyl groups, lower alkoxy groups, carboxyl groups, lower carboxyalkyl groups, aryl 
groups and aralkyl groups, at optional substitutable positions. 

A compound wherein A 1a or A 1b is a group represented by formula [a]: 

R n 

-(CH 2 ),-CH-C— CH-(CH 2 ) U - [ a ] 
R 10 R 12 R 13 

35 

(wherein R 10 is a hydrogen atom, a hydroxyl group, a lower hydroxyalkyl group, a lower alkoxy group or a carboxyl 
group; R 1 1 is a hydrogen atom, a hydroxyl group, a lower alkoxy group, a carboxyl group or a lower carboxyalkyl group; 
R 12 is a hydrogen atom, a lower hydroxyalkyl group or a carboxyl group; R 13 is a hydrogen atom, a hydroxyl group or a 
40 carboxyl group; and each of t and u which may be the same or different is an integer of from 0 to 2) and a compound 
wherein A 1a or A lb is a group represented by formula [b]: 

OH 
I 

45 — (CH 2 ) V -C = C-(CH 2 ) W -CH-(CH 2 ) X — [ b ] 

R 12 R 13 

so (wherein R 12 is a hydrogen atom, a lower hydroxyalkyl group or a carboxyl group; R 13 is a hydrogen atom, a hydroxyl 
group or a carboxyl group; v is 0 or 1 ; and each of w and x which may be the same or different is an integer of from 0 
to 2) are preferred. 

When A 1a or A 1b is represented by [a], R 10 is preferably a hydrogen atom, a hydroxyl group or a carboxyl group, 
R 11 is preferably a carboxyl group or a lower carboxyalkyl group such as a carboxymethyl group, each of R 12 and R 13 
55 is preferably a hydrogen atom or a carboxyl group, and each of t and u which may be the same or different is preferably 
OoM. 

When A 1a or A 1b is represented by formula [b], R 12 is preferably a lower hydroxyalkyl group such as a hydroxyme- 
thyl group or a carboxyl group, R 13 is preferably a hydrogen atom, and each of v, w and x is preferably 0. 
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In general formula [l-a]. when Q 1a is -(CH 2 ) m -(wherein m is the same as defined above), m is preferably from 1 to 
4, and when Q 1a is -(CH 2 ) n -W 1a -(CH2) p - (wherein W 1a , n and p are the same as defined above), W 1a is preferably a 
vinylene group or an ethynylene group, more preferably a vinylene group, and each of n and p which may be the same 
or different is preferably 0 or 1 . 
5 With respect to 

Q r ii_ . Qr 2 -i- >Q*- >O r " and O r ~ 



in the compound represented by general formula [l-a] or [l-b], 

15 

Q'~ 

20 is preferably a phenyl group, a naphthyl group, a benzofuranyl group, a benzothienyl group or a benzoxazolyl group, 




25 

is preferably a phenyl group, and 



30 




is preferably a naphthyl group, a benzofuranyl group or a benzothienyl group. 

35 In general formula [l-a], the aryl or aromatic heterocyclic group which may have substituents selected from the 
group consisting of halogen atoms, lower alkyl groups and lower alkoxy groups as R 1a means the above-mentioned aryl 
or aromatic heterocyclic group which is not substituted, or the above-mentioned aryl or aromatic heterocyclic group 
which has one or at least two identical or different substituents selected from the group consisting of halogen atoms, 
lower alkyl group and lower alkoxy groups, at optional substitutable positions. In particular, the above-mentioned unsub- 

40 1 stituted aryl or aromatic heterocyclic group is preferred. 

In the compound represented by general formula [l-a], the group represented by the formula: 



R 

50 

may, for example, be 
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(wherein R 1aa is a hydrogen atom, a halogen atom, a lower alkyl group or a lower alkoxy group; and R 2aa is a hydrogen 
atom, a halogen atom or a lower alkyl group), a naphthyl group, a benzofuranyl group, a benzothienyl group, a benzo- 
thiazolyl group, a benzoxazolyl group or a benzimidazolyl group, and is preferably a phenyl group, a 2-benzo[b]furanyl 
group, a 2-benzo[b]thienyl group, a 2-naphthyl group or a 2-benzoxazolyl group. 
The group represented by the formula 




may, for example, be 




(wherein R 3a and R 4a are the same as defined above), a naphthyl group or a pyridyl, luryl or thienyl group having R 3a 
on the ring, and is preferably a 4-fluorophenyl group, a 4-chlorophenyl group, a 4-methylphenyl group, a 3-fluoro-4- 
methylphenyl group, a 4-f luoro-3-methylphenyl group, a 3-chloro-4-methylphenyl group, a 4-chloro-3-methylphenyl 
group, a 3,4-dichlorophenyl group, a 3,4-dimethylphenyl group, a 4-methoxyphenyl group, a 3,4-dimethoxyphenyl 
group, a 4-nitrophenyl group, a 4-aminophenyl group, a 4-hydroxyphenyl group, a 4-carbamoylphenyl group, a 4-meth- 
ylcarbamoylphenyl group, a 4-hydroxymethylphenyl group, a 4-trifluoromethylphenyl group, a 4-cyanophenyl group, a 
4-methoxycarbonylphenyl group, a 3,4-methylenedioxyphenyl group, a 4-hydroxy-3-methoxyphenyl group, a 3-hydroxy- 
4-methoxyphenyl group, a 3,4-bis(methoxycarbonyl)phenyl group, a 3,4-bis(hydroxymethyl)phenyl group, a 1 -naphthyl 
group, a 2-naphthyl group, a 5-methylfuryl group, a 5-methyithienyl group or a 6- methyl-3 -pyridyl group. 

R 5a or R 6b js preferably a methyl group, an ethyl group or a propyl group, more preferably a methyl group or an ethyl 
group. 

R 6a or R 7a js pre ferably a hydrogen atom, a methyl group, an ethyl group or a propyl group, more preferably a hydro- 
gen atom or a methyl group. 
The group represented by 




may, for example, be 
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(wherein each of R 7aa and R 8aa which may be the same or different is a hydrogen atom, a halogen atom, a lower alkyl 
group or a lower alkoxy group), a naphthyl group, a quinolyl group, a benzoxazolyl group, a benzofuranyl group or a ben- 
zothienyl group, preferably a 3,4-dichlorophenyl group, a 3,4-difluorophenyl group, a 3,4-dimethylphenyl group, a 2- 
naphthyl group, a 2-benzoxazoly group, a 2-benzo[b]furanyl group, a 2-benzo[b]thienyl group or a 5-benzo[b]thienyl 
group. 

Specific examples of the compound represented by general formula [l«a] or [|-b] are, for example: 

N-{(1RS,2RS,4E)-2-(4-chlorophenyO 
succinic acid, 

N-{(1RS,2RS,4E)-2-(4-chlorophenyl)-1-m^^ 
succinic acid, 

N-{(1 RS,2RS)-2-(4<hlorophenyl)-1 
acid, 

. M-{(1 RS,2RS)-2-(4-chIorophenyl)-1 -methyl-4-(2-naphthoxy)butyl}-N-(2-naphthylmethyl)carbamoylmethylsuccinic 
acid, 

N-{(1RS,2RS)-2<4^hlorophenyl)-1-methyl-4-(2-naphthyl)butyl}-N-(2-naphthylmethyl)carba 
acid, 

N-{(1 RS,2RS)-2-(4^hlorophenyl)-1 -me^ 
acid, 

N-{(1RS,2RS)-2-(4<;hlorophenyl)-1«methyl-5^^ 
acid, 

N-{(1RS,2RS,4E)-2-(4-methoxyphenyl)-1-methyl-5-(2-naphthyl)-4-pentenyi}-N-(2- naphthylmethyl)carbamoyl- 
methylsuccinic acid, 

N-{(1RS,2RS,4E)-1-methyl-2-(4-methylpher^^^^ 
succinic acid, 

N-{(1RS,2RS,4E)-1-methyl-5-(2-naphth^ 
succinic acid, 

N-{(1RS,2RS,4E)-2-(4-fluorophenyl)-1-methyl^ 
succinic acid, 

N-{(1RS,2RS,4E)-1-methyl-5-(2-naphth^ 
bamoylmethylsuccinic acid, 

N-{(1RS,2RS,4E)-1-methyl-5-(2-naphthyl)-2-phenyl-4-pentenyl}-N-(2-naphthylmethyI)c^ 
acid, 

N-{(1RS,2RS,4E)-lHTiethyl-2-(6-methyl-3-pyr^ 
methylsuccinic acid, 

. N-{(1 RS,2RS,6E)-2-(4-chlorophenyl)0-methyl-7-phenyl-6-heptenyl}-N-(2-naphthylmethyl)carbamo^ 
cinicacid, 

N-{( 1 RS,2 RS,6E)-2-(4-chloropheny^ 
succinic acid, 

N-{(1RS,2RS,4E)-2-(4-ch!orophenyl)-1-methyl-5-(2-naphthyl)-4-pentenyl}-N-(3- quinolylmethyl)carbamoylmethyl- 
succinic acid, 

N-{(1RS,2RS,4E)-2-(4-chlorophenyl)-1 -methyl^ 
succinic acid, 

N-(2^enzoxasolylmethyl)-N-{(1RS,2RS,4E)-2-(4-^ 
methylsuccinic acid, 

N-(2-benzo[b]thienylmethyl)-N-{(1 RS,2RS,4E)-2-(4-chlorophenyI)-1 •methyl-5-(2-naphthyl)-4-pentenyl}carbamoyl- 
methylsuccinic acid, 

N-{(lRS,2RS,4E)-1-methyl-2-(3,4-methylenedioxyphen^ 
bamoylmethylsuccinic acid, 
(2R>2-[N-{(1S^2S^4E)-2-(4^hlorophenyl)-1^^ 
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methyl]succinic acid, 

(2R*)-2-[N-{(1 R^2R^4E)-2-(4-chlorophenyl)-^methyl-5^ 
methyi]succinic acid, 

(2S>2-[N-{(1R^2R^4E)-2-(4-chlorophenyl)-^^^ 
methyl]succinic acid, 

(2S*)-2-[N•{(1S^2S^4E)-2-(4-chlorophenyl)-1-methyl-5-(2-naphthyl)-4-pentenyl}-^ 
methyl]succinic acid, 

5-[N-{(1RS,2RS,4E)-2-(4-chlorophenyl)-1-methyl-5-(2-naphthyl)-4-pentenyl}^ naphthylmethyl)carbamoyl]pen- 
tanoicacid, 

(2R*)-2-[N-{(1RS,2RS,4E)-5-(2-benzo^ 
methyl)carbamoylmethyl]succinic acid, 

(2R*)-2-[N-{(1 RS,2RS,4Z)-5-(2-benzcxazolyl)-1-methyl-2-(3,4-me^ 
methyl)carbamoylmethyl]succinic acid, 
(2R>2-[N-(2-benzo[b]furanylmethyl)-N-tf^ 
nyl)-4-pentenyl}carbamoylmethyl]succinic acid, 

(2R*)-2-[N-(2-benzo[b]thienylmethyl)-N-{(1RS,2RS,4E)-5-(2-benzoxazolyl)-1-methyl 

nyl)-4-pentenyl}carbamoylmethyl]succinic acid, 

(2R>2-[N-{(1 RS,2RS,4E)-5-(2-benzoxazolyl)-2-{3,4«bis(methoxy^^ 

naphthylmethyl)carbamoylmethyl]succinic acid, 

(2R>2-[N-(2-benzo[b]thienylmethyl)-^^ 

methyl-4-pentenylJcarbamoylmethyl]succinic acid, 

(2R>2-[N-(2-benzo[b]furanylme 

methyl-4-pentenyl]carbamoylmethyl]succinic acid, 

(2R>2-[N-(2-benzo[b]thienylmethyl)^^ 

nyl}carbamoylmethy!]succinic acid, 

(2R>2-[N-(5-benzo[b]thi^ 

methyl- 4-pentenyl}carbamoylmethyl]succinic acid, 

N-{(1RS,2RS,4E)-5-(3-chloro-4-methylphenyl)-2-(4-chlorophenyi)-1-methyl-4-pente 
bamoylmethylsuccinic acid, 

N-{(1 RS,2RS,4Z)-5-(3-chloro-4-methylphenyl)-2-(4-ch^ 
bamoylmethylsuccinic acid, 
N-{(1 RS,2RS,4E)-5-(2-benzo[b]furanyl)-2-(4-chioro^ 
methylsuccinic acid, 

N-{(1RS,2RS,4Z)-5-(2-benzo[b]furanyl)-2-(4-chloro^^ 
methylsuccinic acid, 

N-{(1 RS,2RS»4E)-5-(2-benzoxazolyl)-2-(4-chlorophenyl)-1-m^ 
methylsuccinic acid, 

N-{(1RS,2RS,4Z)-5-(2-benzoxazolyl)-2«(4-chlo^ 
methylsuccinic acid, 

N-{(1RS,2RS,4E)-5-(2-benzimidazolyl)-2-(4K;hlorcphenyl)-1-methyl-4-pentenyl}-N-(2-nap 
methylsuccinic acid, 

N-{(1 RS,2RS,4E)-2-(4-chlorophenyl)-1-methyi-5-(3,4-m^ 
thyljcarbamoyl methylsuccinic acid, 

N-{(1 RS,2 RS,4E)-5-(2-benzothiazolyl)-2-(4-chlorophenyl)-1 -methyl-4-pentenyl}-N-(2- naphthylmethyl)carbamoyl 
methylsuccinic acid, 

N-{(1RS,2RS,4E)-5-(2-benzoxazolyl)-2-(4-cyanoph 
methylsuccinic acid, 

4-[N-{(1RS,2RS,4E)-5-(2-benzoxazolyl>^ 
thyl)carbamoyl]-1 ,2,3-butanetricarboxylic acid, 

3- [N-{(1RS,2RS,4E)-5-(2-benzoxazolyl)-1-methyl^^ 
thyl)carbamoyl]-1 ,2,2-propanetricarboxylic acid, 
(2S,3R)-4-[N-{(1RS,2RS,4E)-5-(2-benzoxazolyl)-1^^ 
thylmethyl)carbamoylmethyl]-3-carboxy-2-hydroxybutanoic acid, 

4- [N-{(1 RS,2RS,4E)-5-(2-benzoxazolyl)-1 ^ 
thyl)carbamoyl]-3-carboxy-4-methoxybutanoic acid, 

5- [N-{(1RS,2RS,4E)-5-(2-benzoxazolyl)-1-meth^ 
thyl)carbamoyl]-4-carboxy-3-carboxymethylpentanoic acid, 

1 -[N-{(1 RS,2RS,4E)-5-(2-benzoxazolyl)-2-(4-methoxycarbonylphenyl)-1 -methyl-4-pentenyl}-N-(2-naphthylme- 
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thyl)carbamoyl]-1 ,2,3-propanetricarboxylic acid, 
(3R*H-[N-{(1RS,2RS,4E)«5-(2-benzoxazolyl)-1-me%^^ 
methyl)carbamoyl]-3-methoxybutanoic acid, 

(3S*)-44N-{(1RS t 2RS l 4E)-5-(2-ben20xazolyl)-1-methyl-2-(3,4-methylenedioxyphenyl^ 
methyl)carbamoyl]-3-methoxybutanoic acid, 
N«{(lRS,2RS,4E)-5-(2-benzoxazolyl)-2-(4-carboxypheny1)^^ 
methylsuccinic acid, 

N-[(1RS,2RS,4E)-5-(2-benzoxazolyl)-1 -methyl^ 
thyl)carbamoylmethylsuccinic acid, 

(2R*)-2-[N-{(1 RS,2RS,4E)-5-(2-benzoxazolyl)-2-(4-hydroxy-3-mett^^ 

thylmethyl)carbamoylmethyl]succinic acid, 

N-{(1RS,2RS,4E)-2-(4-hydroxymethyl^ 

bamoylmethylsuccinic acid, 

N-{(1RS,2RS,4E)-2-(4-aminophenyl)-1-methyl-5^ 

succinic acid, Disodium (3RS,4RS)-4-[N-{(1 RS,2RS,4E)-5-(2- 

benzoxazolyi)-1-methyl-2-(3,4-methylenedioxyphenyl)-4-pentenyl}-N-(2-nap 

4- hydroxybutanoate, 
N-{(1RS,2RS,4E)-5-(2-benz<KazolylH 

5- oxotetrahydrofuran-2-carboxamide, 

Sodium 4-[N-{(1RS,2RS,4E)-5-(2-benzoxazolyl)-1-methyl-2-(3,4-methylenedioxyphenyl)-4-penten 
thylmethyl)]carbamoyl-4-hydroxybutanoate, 

4-[N-{(1RS f 2RS,4E)-5-(2-benzoxazolyl)-1-methyl-2-(3,4-methylenedioxyphenyl)-4-pen^ 

thyl)carbamoyl]-2-oxotetrahydrofuran-3-yiaceticacid, 

(2R>2-[N^(1R^2R^4E)-5-(2^enzoxazolyl)-2-(4-meth^^ 

methyl)carbamoylmethyl]succinic acid, 

(2R>2-[N-{(1S^2S^4E)-5<24)enzoxazoly1^^ 

methyl)carbamoylmethyl]succinic acid, 

(2R*)-2-[N-(2-benzo[b]thienylmethyl^^^ 

4-pentenyl}carbamoylmethyl]succinic acid, 

(2R>2-[N-(2-benzo[b]thienylmethyl)-^ 

4-pentenyi}carbamoylmethyl]succinic acid, 

(2R*)-2-[N-{(1RS.2RS)-5-(2-benzoxazolyl>^ 

lhyl)carbamoylmethyQsuccinicacid, 

(2R>2-[N-(2-benzo[b]thienylmethy^ 

nyl)pentyl}carbamoylmelhyl]succinic acid, 

(2R*)-2-[N-{(1 R^2R*)-5-(2-benzoxazolyl)-2-(4-methcxycarbony!phenyl)-1-methylpemyl}-N-(2 
bamoylmethylsuccinic acid, 

Disodium (3S,4S)-4-[N-{(1R,2R,4E)-5-(2-benzoxazolyH 
naphthylmethyl)carbamoy!]-3-carboxylato-4-hydroxybutanoate, 
Sodium (3S,4S)-4-[N-{(1R,2R,4E)-5-(2-benzoxazolylH 
naphthylmethyl)carbamoyl]-3-ethoxycarbonyl-4-hydroxybutanoate, 
4-[N-{(1R,2R,4E)-5-(2-benzoxazolyl)-1-me^ 
thyl)carbamoyl]-3-tert-butoxycarbonyl-4-hydroxy-3-butenoic acid, 

4-[N-{(1 R,2R,4E)-5-(2-benzoxazolyl)-1 -methyl-2-(3,4-methylenedioxyphenyl)-4-pentenyl}-N-(2-naphthylme- 

thyl)carbamoyI]-4-hydroxy-3-methoxycart)onyl-3-butenoicacid, 

4-[N-{(1R,2R,4E)-5«(2-benzoxazolyl)-1-methyl^^^ 

thyl)carbamoyl]-4-hydroxy-3-isopropoxycarbonyl-3-butenoicacid, 

4-[N-{(1R,2R.4E)-5-(2-benzoxazolylH-methyl-2^^ 

thyl)carbamoyl]-3-cyclohexyioxycartonyl-4-hydroxy-3-butenoic acid, 

4-[N-{(1R,2R,4E)-5«(2-benzoxazolyl)-1-methyl-2-^ 

thyl)carbamoyl]-4-hydroxy-3-(2-methoxyethoxy)carbonyl-3-butenoicacid, 

4-[N-{(1R,2R,4E)-5-(2-benzoxazolyl)-1-methyl-2-(3,4-methylenedioxyphenyl)-4-pentenyl 

thyl)carbamoyl]-3-benzyloxycarbonyN4-hydroxy-3-butenoicacid, 

4-[N-{(1R,2R,4E)-5-(2-benzoxazolyl)-1-methyl-2^ 

thyl)carbamoyl]-3-cyclopentyloxycarbonyl-4-hydroxy-3-butenoic acid, 

4-[N-{(1R,2R,4E)-5-(2-benzoxazolyl)-1-me^ 

thyl)carbamoyl]-4-hydroxy-3-(3-tetrahydrofuranyloxycarbonyl)-3-butenoic acid, 

4-[N-{(1 R,2R,4E)-5-(2-benzoxazolyl)-1 -me1hyl-2-(3,4-methylenedioxyphenyl)-4-pentenyl}-N-(2^naphthylme- 
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thyl)carbamoy1]-4-hydroxy-3-(2-hydroxy-1 -hydroxymethylethoxycarbonyl)-3-butenoic acid, 

3- allyloxycarbonyl-4-[N-{(1R,2R,4E)-5-(2«be 
naphthylmethyl)carbamoyl]-4-hydroxy-3-butenoicacid, 

4- [N-{(1R,2R,4E)-5-(2-benzoxazolyl)-2-(3,4-me^^^^ naphthylrne- 
thyl)carbamoyl]-3-carboxymethylcarbonyl-4-hydroxy-3-butenoic acid, 

5- [N-{(1R,2R,4E)-5-(2-benzoxazo!yl)-1-methyl-2^^ 
thyl)carbarhoyl]-4-ethoxycarbonyl-5-hydroxy-4-pentenoic acid, 
5-[N-{(1R,2R,4E)-5-(24)enzoxazoW 

thyl)carbamoyl]-4-tert-butoxycarbonyl-5-hydroxy-4-pentenoic acid, 

4-[N-{(1R,2R,4E)-5-(2-benzoxazolyl)-1-methyl^ 

thyl)carbamoyl]-4-hydroxy-3-hydroxymethyl-3-butenoic acid, 

44N-{(1RS,2RS,5E)-6-(2-benzoxazoIyl)-1-methyl-2-(3,4-methylenedioxyphenyl) 

thyi)carbamoyl]-3-tert-butoxycarbonyi-4-hydroxy-3-biJtenoicacid, 

(2S^3R>4-[N-{(1R l 2R f 4E)-5-(2-benzQxazolyl)-1-me%^ 

thylmethyl)carbamoyl]-1 ,2,3-butanetricarboxylic acid, 

(2R^3S>4-[N-{(1R,2R,4E)-5-(2-benzoxazolyl)-1^^ 

thy!methyl)carbamoyl]-1 ,2,3-butanetricarboxylic acid, 

N-[(1RS,2RS)-1-methyl-2-(4-nitrc^ 

methylsuccinic acid, 

N-[(1RS,2RS)-3-{5-(3,4<Jimethoxyphenyfc^ 
thyl)carbamoyimethylsuccinic acid, 

N-[(1RS,2RS)-3-{5-(2-hydroxyphenylcarbamoyl)-2-furyl}-1-methyl-2-(4-n 

thyl) carbamoyl methylsuccinic acid , 

N-[(1RS,2RS)-1-methyl-3-{5-(N-meth^^^ 

thyl)carbamoyl methylsuccinic acid, 

N-[(1RS,2RS)-1-methyl-2-(4-nitrophen^ 

bamoylmethylsuccinic acid hydrochloride, 

N-[(1RS,2RS)-1-methyl-2-(4-nitrophen^ 

bamoylmethylsuccinic acid hydrochloride, 

N-[(1 RS,2RS}-1 -methyl-2-(4-nitr^ 

bamoylmethylsuccinic acid hydrochloride, 

N-[(1RS,2RS)-1-methyl-2-(4-nitropheny^ 

bamoylmethylsuccinic acid hydrochloride, 

N-[(1RS,2RS)-2-(4-chlorcphenyl)-1-methyl-3-{5-(phenylcarbamoyl)-2-furyl}propyl]-N-(2- naphthylmethyl)car- 

bamoylmethylsuccinic acid, 

N-{(1 RS,2RS)-2^4-chlorophenyl)-1 -m^ 

methylsuccinic acid, 

N-[(1RS,2RS)-2-(4«chlorophenyl)-1 -methyl 
bamoylmethylsuccinic acid, 
N-[(1RS,2RS)-2-(4-chloropheny^^ 
bamoylmethylsuccinic acid, 
(2R*)-2-[N-(2-benzo[b]thienyto^ 
bamoyl)-2-furyl}propyl]carbamoylmethy I] succinic acid , 
(2R*)-2-[N-(2-benzo[t^ 

bamoy0-2-furyl}propyl]carbamoylmethyl]succinic acid hydrochloride, 

monopivaloyloxymethyl (2R*)-2-[N-(2-benzo[b]thienylmethyl)-N-[(1 RS,2RS)-1 -methyl-2-(3,4-methylenedioxyphe- 
nyl)-3-{5-(phenylcarbamoyl)-2-furyl}propyl]carbamoyimethyl]succinate t (2R*)-2-[N-{(1RS,2RS)-2-(4-methoxycarb- 
onylphenyl)-1- 

methyl-3-(3-phenoxymethylphenyl)propyI}-N-(2-naphthylmethyl)carbamoylmethyl]succinic acid, 

(2R*)-2-[N-[(1 RS,2RS)-2-(4-methoxycarbonylphenyl)-1 -methyl-3-{3-(phenoxymethyl)-5-(1 ,2,4- oxadiazolyl)}pro- 

pyl]-N-(2-naphthylmethyl)carbamoylmethyl]succinic acid, 

(2R*)-2-[N-[(1 RS,2RS)-2-(4-methoxycarbonylphenyl)-1-methyl-3-{(E)-3-styrylphenyl}propyl]-N-(2-naphthylme- 
thyl)carbamoylmethyl]succinicacid, 

(2R*)-2-[N-[(1RS,2RS)-2-(4-methoxycarbonylphenyl)-1-methyl-3-{3-(2-phenylethyl)phe 
methyl)carbamoylmethyl]succinicacid, 

N-{(1RS,2RS)-2-(4-chlorophenyl)-1-methyl-3-(4-phenylethynylphenyl)propyl}-N-(2-naphthylmeth 

methylsuccinic acid, 

N-[(1 RS,2RS)-2-(4-chlorophenyl)-1 -m^ 
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succinic acid, 

N-{(1RS,2RS)-2-(4-methoxycaifconylphenyl)-1-m^ 

thyl)carbamoylmethylsuccinic acid, 

4-[N-[(1RS.2RS)-1-methyl-2-(4-nitropheny^ 

bamoyl]-1 ,2,3-butanetricarboxylic acid, 

Disodium (3RS,4RS)-3-carboxy-4-hydroxy-4-[^^ 

furylJpropyll-N^^-naphthylmethylJcarbamoyllbutanoate, 

Disodium (3SR,4SR)-3-carboxy-4-hydroxy-4-[N-[(1RS,2RS)-1-methyl-2-(4-nitrophen^ 
furyl}propyl]-N-(2-naphthylmethyl)carbamoyl]butanoate, 
3-tert-butoxycaifconyl-4-hydroxy-4-[N-[0 
pyl]-N-(2-naphthylmethyl)carbamoyl]-3-butenoic acid, 
3-tert-butoxycaibonyl-4-hydroxy-4-[N-K^ 

bamoyl)-2-furyl}propyl]-N^2-naphthylmethyl)cail3amoyl]-3-butenoicacid l 

3- tert-butoxycaibonyl-4-hydroxy-4-[N-{(1 RS,2RS)-1-me%l-2-(4-nitrophenyl)-3-(3-phenoxym^^ 
N-(2-naphthylmethyl)carbamoyl]-3-butenoic acid, 

4- hydroxy-3-methoxycarbonyl-4-[N-(1RS,2RS)-1-m^ 
furyl}propyl]-N-(2-naphthylmethyl)carbamoyl]-3-butenoic acid, 
3-allyioxycarhonyl-4-hydroxy-4-[N-[(1RS,2R^^^^ 
furyl}propyl]-N-(2-naphthylmethyl)carbamoyl]-3-butenoic acid, 

5- hydroxy-4-isopropoxycarbonyl-5-[^ 
pyI]-N-(2-naphthylmethyl)carbamoyl]-4-pentenoic acid, and 

3-tert-butoxycarbonyl-4-[N-(2,3<J^ (phenylcar- 
bamoyl)-2-furyl}propyl]carbamoyl]-4-hydroxy-3-butenoic acid. 

The compounds represented by general formula [l-a] or [l-b] are disclosed in Japanese Patent Applications JP6- 
210646, JP6-212147 and JP7-109067 and International Patent Publications WO96/05168 and WO96/05169 and have 
an inhibitory reactivity against protein-farnesyltransferase (PFT). 

The compounds are a PFT inhibitor which compete with farnesyl pyrophosphate. According to the present inven- 
tion, as the PFT inhibitor which competes with farnesyl pyrophosphate, in addition to these compounds, the PFT inhib- 
itors disclosed in Drug Development Research, vol. 34, 121-137 (1995) may be mentioned. 

The compounds represented by [l-a] or [l-b] used in the present invention are obtained through various reactions 
used for organic synthesis. Specifically, the methods disclosed in Japanese Patent Applications JP6-210646, JP6- 
212147 and JP7-109067 and International Patent Publications WO96/05168 and WO96/05169 can be used for their 
preparation. 

The antitumor or anti-AIDS composition of the present invention suppresses the function of the Ras oncoprotein, 
and is useful as an antitumor agent or anti-AIDS agent, preferably as an antitumor agent for colon cancer, pancreatic 
cancer, myloid leukemia, lung cancer, carcinoma cutaneum, thyroid gland cancer and so on, particularly for pancreatic 
cancer. 

The antitumor or anti-AIDS composition of the present invention is administered orally or parenterally as an antitu- 
mor agent or an anti-AIDS agent in the form of a pharmaceutical formulation suitable for the way of administration. The 
antitumor or anti-AIDS composition of the present invention may be clinically administered in the form of various phar- 
maceutical formulations containing pharmaceutical^ acceptable additives suitable for the way of administration. As the 
additives, various pharmaceutical^ common additives such as gelatin, lactose, saccharose, titanium oxide, starch, 
crystalline cellulose, hydroxypropylmethylcellulose, carboxymethylcellulose, corn starch, microcrystalline wax, white 
petrolatum, magnesium metasilicate aluminate, anhydrous calcium phosphate, citric acid, trisodium citrate, hydroxypro- 
pylcellulose, sorbitol, sorbitan fatty acid ester, polysorbate, sucrose fatty acid ester, polyoxyethylene hardened castor 
oil, polyvinylpyrrolidone, magnesium stearate, light silicic anhydride, talc, vegetable oil, benzyl alcohol, gum arabic, pro- 
pylene glycol, polyalkylene glycol, cyclodextrin and hydroxypropylcyclodextrin may be used. 

The composition of the present invention may be formulations containing these additives, for example, solid formu- 
lations such as tablets, capsules, granules, powders or suppositories; or liquid formulations such as syrups, elixirs or 
injections. These formulations can be prepared in accordance with conventional methods commonly employed in the 
field of drug formulations. The liquid formulations may be solutions or suspensions in water or other appropriate sol- 
vents prepared just before administration. Especially, the injections may be solutions or suspensions in physiological 
saline or glucose solution depending on the case, and may contain a buffer or a preservative. 

Such a pharmaceutical formulations contains a protein-farnesyltransferase inhibitor and an agent which decreases 
farnesyl pyrophosphate in vivo in a total amount of from 1 .0 to 100 wt%, Preferably from 1 .0 to 60 wt%, based on the 
weight of the formulation, as active ingredients. 

Such a formulation may contain other therapeutically effective compounds. 
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The weight ratio of the protein-farnesyltransferase inhibitor to the agent which decreases farnesyl pyrophosphate 
in vivo is within a range of from 0.001:1 to 1000:1, preferably from 0.01:1 to 100:1. 

When the antitumor or anti-AIDS composition of the present invention is used as a medicine, the dose and the fre- 
quency of administration vary depending on the sex, age, weight, condition of the patient and the kind and extent of the 
5 desired therapeutic effect. However, in general, it is preferred to administer the composition to an adult at a daily dose 
of from 0.05 to 100 mg/kg once or several times a day in the case of oral administration, and at a daily dose of from 
0.005 to 10 mg/kg once or several times a day in the case of parenteral administration. 

BEST MODE FOR CARRYING OUT THE INVENTION 

w 

The present invention is now illustrated in greater detail by way of Examples, but it should be understood that the 
present invention is deemed to be limited thereto. 

EXAMPLE 1 

15 

(Formulation Example 1) 

To 2 parts of the compound prepared in Preparation Example 5 and 1 part of simvastatin, 97 parts of lactose was 
added and mixed well to prepare 100 parts of a powder. The powder was kneaded with a kneading liquid prepared by 
20 mixing 1 part of hydroxypropylcellulose and purified water and granulated. The granules were passed through a 
20/mesh sieve, dried and sieved to a predetermined size. 

EXAMPLE 2 

25 (Formulation Example 2) 

To 1 part of the compound prepared in Preparation Example 5 and 1 part of simvastatin, 20 parts of lactose and 5 
parts of corn starch were added and mixed well. The resulting powder was granulated with ethanol by an ordinary 
method, dried and sieved, and 0.5% of magnesium stearate was admixed with it. The admixture was made into tablets 
30 containing the compound prepared in Preparation Example 5 and simvastatin in a total amount of 10 mg per tablet by 
an ordinary method. 

EXAMPLE 3 

35 (Pharmacological Test Example 1) 

Inhibitory effect on farnesylation of Ras protein in NIH3T3 cells into which an activated ras gene was introduced, 
was measured by using the compounds prepared in Preparation Examples 3 and 5 as PFT inhibitors and L-654,969 
(an active metabolite of simvastatin) as a hydroxymethylglutaryl CoA reductase inhibitor. 

40 NIH3T3 cells into which an activated ras gene had been introduced were cultured on culture plates for 3 days, and 
each of the compounds prepared in Preparation Examples 3 and 5 was added at various concentrations alone or in 
combination with 0.15 nM or 5 nM of L-654,969 (at which concentration L-654,969 does not inhibit farnesylation of the 
Ras proteins by itself). The cells were cultured for 24 hours, peeled off the plates and dissolved in accordance with the 
method disclosed in J. Biol. Chem., vol. 268, 18415 (1993). The cell solutions were centrifuged at 12000 g for 5 min- 

45 utes, and the supernatants were used as cell extracts. The cell extracts were subjected to SDS polyacrylamide gel elec- 
trophoresis to separate the farnesylated Ras protein and the unfarnesylated Ras protein. The proteins on the gel were 
transferred to nitrocellulose membranes and allowed to react with an anti-Ras protein antibody as the prove (the reac- 
tion of the primary antibody). After the anti-primary antibody, a peroxidaze-conjugated antibody (a secondary antibody) 
was allowed to react, the Ras protein was detected by mean of a chemoluminescence amplification kit. The proportion 

50 of the unfarnesylated Ras protein was determined by using a densitometer and defined as the inhibitory activity. As 
shown in Table 1 and Table 2, the inhibitory activities of the PFT inhibitors (the compounds of Preparation Example 3 
or 5) on farnesylation of Ras proteins increased synergically and concentration-dependently in the presence of L- 
654,969. 

55 
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Table 1 



5 


Inhibitory activity of the compound of Preparation Example 3 on 
farnesylation of the Ras proteins 




1 CC/ QCQ /..KJft 


Compound of Prepara- 
tion Example 3 (^M) 


inniDitory raie \7o) 




None 


10 


32 


10 




3 
1 


ND 
ND 




0:15 


10 ; 


67 


15 




3 

1 


27 
ND 




5 


10 

3 


90 
88 


20 




1 


55 


25 




Table 2 






Inhibitory activity of the compound of Preparation Example 5 on 
farnesylation of the Ras proteins 


30 


L-654,969 (jiM) 


Compound of Prepara- 
tion Example 5 (\M) 


Inhibitory rate (%) 




None 


3 
1 


32 
ND 


35 




0.3 


ND 




0.15 


3 
1 


1 72 
18 


40 


5 


0.3 
3 
1 

0.3 


ND 
95 
86 
43 


45 


ND: not detected 



EXAMPLE 4 

50 (Pharmacological Test Example 2) 

Inhibitory activity on proliferation of BMJ1 cells was investigated by using the compounds prepared in Preparation 
Example 3, 4 or 5 and L-654,969. The BMJ1 cells which were obtained by introducing a hormone-inducible activated 
ras gene into BALB3T3 cells, a mouse-derived established cell line, were transformed by adding dexamethasone to the 
55 culture so as to produce an activated Ras protein. To assess the inhibitory effects of the PFT inhibitors on cell prolifer- 
ation, the 50% proliferation inhibitory concentration for each compound was calculated by adding each compound to a 
transformed BMJ1 cell culture at various concentrations, and counting the number of cells after incubation. The cell 
numbers were counted in accordance with the SRB method disclosed in Proc. Am. Assoc. Cancer Res., vol. 30, 612 
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(1989). As shown in Table 3, the 50% cell proliferation inhibitory activities of the PFT inhibitors (the compounds of Prep- 
aration Examples 3 to 5) increased synergecally and concentration-dependently by the presence of 0.8 ^iM (at which 
concentration, L-654,969 does not inhibit cell proliferation alone) of L-654,969. 



Table 3 



Proliferation inhibitory action of combined use of PFT inhibitors and L-654,969 


Compound 


50% Proliferation inhibitory concentration (IC50 *iM) 




In the absence of L- 


In the presence of 0.8 




654,969 


pM of L-654,969 


Compound of Preparation Example 3 


130 


11 


Compound of Preparation Example 4 


105 


6.5 


Compound of Preparation Example 5 


3.1 


0.93 



PREPARATION EXAMPLE 1 

Preparation of (2R'V2-fN-((1 RS.2RS.4EV5-(2-benzoxazolvn-1 -methvl-2>(3.4-methvlenedioxvDh envl)-4-pentenvi)-N-(2- 
naphthvlmethvl)carbamovlmethvnsuccinic acid and (2R*V2-fN-Ul RS.2RS.4ZV5-(2-benzoxazolviyi -methvl-2-(3.4- 
methvlenedioxyphenvh-4-pentenvl}-N-(2 -naphthylmethyl)carbamovlmethvllsuccinic acid 

(1) Preparation of di-tert-butyl (2R*)-2-[N-{(1 RS,2RS)-4,4-diethoxy-1 -methyl-2-(3,4-methylenedioxyphenyl)bLityl}-N-(2- 
naphthylmethyl)carbamoylmethyl]succinate 

436 mg of N-{(1RS > 2RS)-4 l 4-diethoxy-1-methyl-2-(3,4-methylenedioxyphenyl)butyl}-2-naphthymethylamin 346 
mg of 1 ,2-di-tert-butyl (R>1,2,3-propanetricarboxylate prepared in Reference Example 1 and 122 mg of 4-dimethyl- 
aminopyridine were dissolved in 5 ml of methylene chloride, and stirred with 249 mg of 1-ethyl-3-(3-dimethylaminopro- 
pyl)carbodiimide hydrochloride at room temperature for 14 hours. The reaction solution was diluted with ethyl acetate, 
then washed successively with 1N hydrochloric acid, saturated aqueous sodium hydrogencarbonate and saturated 
aqueous sodium chloride and dried over anhydrous magnesium sulfate. The desiccant was filtered off, and the solvent 
was evaporated in vacuo. The residue was purified by silica gel column chromatography [hexane/ethyl acetate = 10/1 
-> 5/1] to give 636 mg (yield 90%) of the title compound as a colorless foamy substance. 

(2) Preparation of di-tert-butyl (2R*)-2-[N-{(1 RS,2RS)-3-formyl-1-methyl-2-(3,4-methylenedioxyphenyl)propyl}-N-(2- 
naphthylmethyl)carbamoylmethyl]succinate 

636 mg of di-tert-butyl (2R*)-2-[N-{(1RS,2RS)-4,4<iiethoxy-1-methyl-2-(3 > 4-methylenedioxyphenyl)butyl}-N- (2- 
naphthylmethyl)carbamoylmethyl]succinate was dissolved in 12 ml of tetrahydrofuran and stirred with 3 ml of 2N hydro- 
chloric acid at room temperature for 3 hours. After addition of saturated aqueous sodium hydrogencarbonate, the reac- 
tion solution was extracted with ethyl acetate. The organic layer was washed with saturated aqueous sodium chloride 
and dried over anhydrous magnesium sulfate. The desiccant was filtered off, and the solvent was evaporated in vacuo 
to give 567 mg (stoichiometrical yield) of the title compound as a colorless oily substance. 

(3) Preparation of di-tert-butyl (2R*)-2-[N-{(1 RS,2RS,4E)-5-(2-benzoxazolyl)-1-methyl-2-(3,4-methylenedioxyphenyl)-4- 
pentenyl}-N-(2-naphthylmethyl)carbamoylmethyl]succinate 

53 mg of 60% oily sodium hydride suspended in 5 ml of tetrahydrofuran was stirred with 634 mg of 2-benzoxazolyl- 
methyl(triphenyl)phosphonium bromide at room temperature for 30 minutes. 563 mg of di-tert-butyl (2R*)-2-[N- 
{(1RS,2RS)-3-formyl-1-methyl-2-(3,4-methylenedioxyphenyl)propyl}-N-(2-naphthylmethyl)carbamoylm 
in 5 ml of tetrahydrofuran was added, and the reaction solution was stirred at room temperature for 1 2 hours. After addi- 
tion of water, the reaction solution was extracted with ethyl acetate. The organic layer was washed with saturated aque- 
ous sodium chloride and dried over anhydrous magnesium sulfate. The desiccant was filtered off, and the solvent was 
evaporated in vacuo. The residue was purified by silica gel column chromatography [hexane/ethyl acetate = 1 0/1 -> 5/1 ] 
to give 528 mg (yield 79%) of the title compound and 1 05 mg (yield 1 6%) of the Z-isomer of the title compound as color- 
less foamy solids. 
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(4) Preparation of (2R*)-2-[N-{(1 RS,2RS,4E)-5«(2-benzoxazolyl)-1 -methyl-2-(3,4-methylenedioxyphenyl)-4-pentenyl}- 
N-(2-naphthylmethyl)carbamoylmethyl]succinic acid 

486 mg of di-tert-butyl (2R>2-[N-{(1RS,2RS.4E)«5-(2-benzoxazolyl)-1-me^ 
pentenyl}-N-(2-naphthylmethyl)carbamoylmethyl]succinate in 10 ml of formic acid was stirred at room temperature for 
12 hours. The formic acid was evaporated in vacuo, leaving 412 mg (stoichiometrical yield) of the title compound as a 
white solid. 

1 H-NMR(CDCl3)5: 0.91-1.00 (3H,m), 2.30-3.70(8H,m), 4.20-5.30(3H,m), 5.90-5.94(2H,m), 6.43(1 H,d,J=15.7Hz), 
6.57-6. 76(4H t m), 7.26-7.84(1 1H,m) 
FAB-MS: 635(M+H) 

The above-mentioned procedure was performed with di-tert-butyl (2R*)-2-[N-{(1 RS,2RS,4Z)-5-(2-benzoxazolyl)-1- 
methyl-2-(3 1 4-methylenedioxyphenyl)-4-pentenyl}-N-(2-naphthylmethyl)carbamoylmethyl]succinate to give the Z-iso- 
mer of the title compound. 

PREPARATION EXAMPLE 2 

Preparation of 4-rN-f(1RS.2RS4EV5-(2-benzoxazolv^ 
thvlmethyncarbamoviyi .2.3-butanetricarboxvlic acid 

(1) Preparation of triethyl 4-[N-{(1 RS,2RS,4E)-4 l 4-diethoxy-1 -methyl-2-(3,4-methylenedioxyphenyl)-4-pentenyl}-N-(2- 
naphthylmethyl)carbamoyl]-1 ,2,3-butanetricarboxylate 

80 mg of N-{(1RS,2RS)-4,4-diethoxy-1-methyl-2-(3,4-methylenedioxyphenyl)butyl}-2-naphthylmethyla 100 
mg of 2.3,4-triethyl 1 ,2,3,4-butanetetracarboxylate prepared in Reference Example 2 and 27 mg of 4-dimethylaminopy- 
ridine were dissolved in 5 ml of methylene chloride and stirred with 43 mg of 1-ethyl-3-(3-dimethylaminopropyl)carbod- 
iimide hydrochloride at room temperature overnight. The reaction solution was diluted with ethyl acetate, then washed 
successively with 1 N hydrochloric acid, saturated aqueous sodium hydrogencarbonate and saturated aqueous sodium 
chloride and dried over anhydrous magnesium sulfate. The desiccant was filtered off, and the solvent was evaporated 
in vacuo. The residue was roughly Purified by silica gel column chromatography [ethyl acetate] and purified by medium 
pressure liquid chromatography [Lobar column™, size B, Lichroprep™Si60 (Merck & Co., Inc.); hexane/ethyi acetate = 
2/1] to give 54 mg (yield 40%) of the title compound as a colorless foamy solid. 

(2) Preparation of 4-[N-{(1 RS l 2RS l 4E)-5-(2-benzoxazolyl)-1-methyl-2-(3,4-methylenedioxyphenyl)-4-pentenyl}-N-(2- 
naphthylmethyl)carbamoyl]-1 ,2,3-butanetricarboxylic acid 

The N-acylated product obtained in (1) was converted to triethyl 4-[N-{(1 RS l 2RS,4E)-5-(2-benzoxazolyl)-1 -methyl- 
2-(3,4-methyIendioxyphenyl)-4-pentenyl^ in the same 

manner as in Preparation Example 1 . The resulting ester was dissolved in 1 ml of tetrahydrofuran, and after addition of 
0.5 ml of 3N sodium hydroxide, it was left standing at room temperature overnight. The reaction solution was diluted 
with ethyl acetate, acidified with 1 N hydrochloric acid, washed with saturated aqueous sodium chloride and dried over 
anhydrous magnesium sulfate. The desiccant was filtered off, and the solvent was evaporated in vacuo. The residue 
was purified by medium pressure liquid chromatography [Lobar column™, size A, RP-8 (Merck & Co., Inc.); ace- 
tonitrile/0.1% aqueous trifluoroacetic acid = 1/1] to give 14 mg (yield 52%) of the title compound as a white powder. 

1 H-NMR(CDCI 3 +CD 3 OD)8: 0.80-1 .00(3H,m), 2.30-3.75(9H,m), 4.20-5.30(3H,m), 5.85-5.95(2H,m), 6.40- 
6.80(5H,m), 7.20-7.50(6H,m), 7.55-7.85(5H,m) 
FAB-MS: 693(M+H) 

The compound of Preparation Example 3 was prepared in the same manner as in Preparation Example 2 by using 
the corresponding carboxylic acid derivative instead of the 2,3,4-triethyl 1,2,3,4-butanetetracarboxylate as the starting 
material. 
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PREPARATION EXAMPLE 3 

3.[N-((1RS.2R S.4EV5-(2-benzoxazoM 
hamovi]-1 .2.2-propanetricarboxvlic acid 

1 H-NMR(CD 3 COCD 3 )6: 0.82-1. 04(3H,m), 2.50-3.90(7H,m), 5.93-7.97(21 H,m) 
FAB-MS: 679(M+H) 

PREPARATION EXAMPLE 4 

Preparation of disodium (3RS.4RSV4-[N-{f 1 RS:2RS.4EV5-(2-benzoxazolvlM-methvl-2-^ 
pentenvlVN-(2 -naphthvlmethvncarbamovl1-3-carboxvlato-4-h 

(1) Preparation of (2RS,3RS)-2-[N-{(1 RS,2RS,4E)-5-(1 -benzoxazolyl)-1 -methyl-2-(3,4-methylenedioxyphenyl)-4-pen- 
tenyl}-N-(2-naphthylmethyl)carbamoyl]-5-oxotetrahydrofuran-3-carboxylic acid 

47 mg of tert-butyl (2RS,3RS)-2-[N-{(1 RS,2RS,4E)-5-(2-benzoxazolyl)-1-methyl-2-^ 
pentenyl}-N-(2-naphthylmethyl)carbamoyl]-5-oxotetahydrofuran-3-carboxylate [synthesized from N-{(1 RS,2RS)-4,4- 
diethoxy-1-methyl-2-(3,4-methylenedioxyphenyl)b^ and (2RS,3RS)-3-tert-butoxycarbonyl- 

5-oxotetrahydrofuran-2-carboxyiic acid in the same manner as in Preparation Example 1] was dissolved in 1 ml of for- 
mic acid, and was left standing at room temperature overnight. The reaction solution was evaporated in vacuo, and tol- 
uene was added to the residue and evaporated. The resulting residue was purified by silica gel column chromatography 
[hexane/ethyl acetate = 2/1 -> chloroform/methanol = 50/1] to give 20 mg (yield 46%) of the title compound as a white 
solid. 

1 H-NMR(CDCI 3 )8: 0.99 and 1.10 (total 3H, each d,J=6.2Hz, 6.3Hz). 2.50-3. 10(5H.m), 4.15-4.25 and 4.37-4.47 
(total 1H, each m), 4.50-5.35 (4H,m), 5.73, 5.75, 5.88 and 5.94 (total 2H, each s), 6.07 and 6.36 (total 1H, each 
d,J=15.8 Hz, 15.8Hz), 6.60-6.75(4H,m), 7.25-7.82 (11H,m) 
FAB-MS: 633(M+H) 

(2) Disodium (3RS,4RS)-4-[N-{(1 RS,2RS,4E)-5-(2-benzoxazolyl)-1 -methyl-2-(3 r 4-methylenedioxyphenyl)-4-pentenyl}- 
N-(2-naphthylmethyl)carbamoyl]-3-carboxylato-4-hydroxybutanoate 

8 mg of the lactone obtained above was dissolved in a mixture of 1 ml of methanol and 1 ml of tetrahydrofuran, and 
26 jil of 1 N aqueous sodium hydroxide was added under cooling with ice with stirring. The reaction solution was stirred 
at room temperature for 10 minutes and evaporated in vacuo to dryness to give 10 mg (stoichiometrical yield) of the title 
compound as a white solid. 

1 H-NMR(CDCI 3 )8: 0.91 and 1.03(total 3H, each d,J=6.0Hz, 6.7Hz), 2.35-3.40(6H,m), 4.60-5.10(4H,m), 5.86 and 
5.90(total 2H, each s), 6.00 and 6.93(5H, each m), 7.28-8.01 (1 1 H,m) 
FAB-MS: 695(M+H) 

PREPARATION EXAMPLE 5 

Preparation of 4-fN-!(1 R.2R.4EV5-(2-benzoxazolyl)-1 -methyl-2-(3.4-methylenedioxvphenvl)-4-pentenvl)-N-(2-naph- 
thylmethyl)carframpy^ add 

(1) Preparation of methyl (3S,4S)-4-[N-{(1 R,2R,4E)-5-(2-benzoxazolyl)-1-methyl-2-(3,4-methylenedioxyphenyl)-4-pen- 
tenyl}-N-(2-naphthylmethyl)carbamoyl]-3-tert-butoxycarbonyl-4-hydroxybutanoate 

193 mg of tert-butyl (2S,3S)-2-[N-{(1 R,2R,4E)-5-(2-benzoxazoyl)-1-methyl-2-(3,4-methylenedioxyphenyl)-4-pente- 
nyl}-N-(2-naphthylmethyl)carbamoyl]-5-oxotetrahydrofuran-3-carboxylate [synthesized from N-{(1 R,2R)-4,4-diethoxy- 
1-methyl-2-(3,4-methylenedioxyphenyl)butyl}-2-naphthylamine prepared in Reference Example 5 and (2S,3S)-3-tert- 
butoxycarbonyl-5-oxotetrahydrofuran-2-carboxyIic acid obtained in Reference Example 4, in the same manner as in 
Preparation Example 1] in a mixture of 5 ml of tetrahydrofuran and 2 ml of water was stirred with 0.31 ml of 1 N aqueous 
sodium hydroxide at room temperature for 1 5 hours. The reaction solution was acidified (to about pH 4) with 1 N hydro- 
chloric acid and extracted with ethyl acetate. The extract was dried over anhydrous magnesium sulfate, the desiccant 
was filtered off, and the solvent was evaporated in vacuo. The resulting carboxylic acid was dissolved in ethyl acetate, 
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and a small excess of diazomethane was added at room temperature. The solvent was evaporated in vacuo, and the 
residue was purified by silica gel column chromatography [hexane/ethyl acetate = 2/1] to give 202 mg (stoichiometrical 
yield) of the title compound as a colorless oily substance. 

5 (2) Preparation of methyl 4-[N-{(1 R.2R i 4E)-5-(2*benzoxa2olyl)-1-methyl-2-(3.4-methylenedioxyphenyl)-4-pentenyl}-N- 
(2-naphthylmethyl)carbamoyI]-3-tert-butoxycarbonyl-4-hydroxy-3-butenoate 

36 mg of methyl (3S,4S)-4-[N-{(1R,2R,4E)-5-(2-benzoxazolyl)-1-m^ 
nyl}-N-(2-naphthylmethyl)carbamoyl]-3-tert-butoxycarbonyl-4-hydroxybutanoate in 2 ml of chloroform was stirred with 

w 42 mg of the Dess-Martin reagent (periodenane) at room temperature for 1 hour. The reaction solution was poured into 
a mixture of saturated aqueous sodium hydrogencarbonate and saturated aqueous sodium thiosulfate and extracted 
with ethyl acetate. The organic layer was washed with saturated aqueous sodium chloride and dried over anhydrous 
magnesium sulfate. The desiccant was filtered off, and the solvent was evaporated in vacuo. The residue was purified 
by silica gel thin layer chromatography [Kieselgel™ 60F 2 54, Art™ 5744; hexane/ethyl acetate = 3/2] to give 14.7 mg 

15 (yield 41 %) of the title compound as a colorless oily substance. 

(3) Preparation of 4-[N-{(1 R,2R,4E)-5-(2-benzoxazolyl)-1-methyl-2-(3 ( 4-methylenedioxyphenyl)-4-pentenyl}-N-(2- 
naphthylmethyl)carbamoyl]-3-tert-butoxycarbonyl-4-hydroxy-3-butenoic acid 

20 9.9 mg of methyl 4-N-[(1R,2R,4E)-5-(2-benzoxazolyO-1-methyl-2-(3.4-^^ 

naphthylmethyl)carbamoyl]-3-tert-butoxycarbonyl-4-hydroxy-3-butenoate in a mixture of 3 ml of tetrahydrofuran and 1 
ml of water was stirred with 1 40 p.l of TN aqueous sodium hydroxide at room temperature for 4 hours. The reaction solu- 
tion was acidified with 1 N hydrochloric acid and extracted with ethyl acetate. The extract was dried over anhydrous mag- 
nesium sulfate, the desiccant was filtered off, and the solvent was evaporated in vacuo. The residue was purified by 

25 silica gel thin layer chromatography [Kieselgel™ 6OF254, Art™ 5744; chloroform/methanol = 10/1] to give 6.9 mg (yield 
70%) of the title compound as a colorless foamy substance. 

1 H-NMR(CDCI 3 )S: 0.96-1. 06(3 H,m), 1.41-1 .51 (9H,m), 2.30-3.29(5H,m), 4.15-4.98(4H,m), 5.88-6.34(3H,m), 6.41- 
6.74(4H,m), 7.21 -7.88(1 1H,m) 
30 FAB-MS: 705(M+H) 

REFERENCE EXAMPLE 1 

Preparation and optical resolution of 1.2-di-tert-butvl 1.2.3-propanetricarboxylate 

35 

13.1 ml of 1.5M cyclohexane solution of lithium diisopropylamide was dissolved in 10 ml of tetrahydrofuran, and a 
tetrahydrofuran solution (10 ml) of 2.96 g of benzyl acetate was added under cooling at -70°C with stirring. The resulting 
solution was stirred at the same temperature for 30 minutes. Then, a tetrahydrofuran solution (1 0 ml) of 2.96 g of di-tert- 
butyl maleate was added dropwise, and the solution was stirred at the same temperature for 30 minutes. 20 ml of water 

40 and 50 ml of ethyl ether were added to the reaction solution for extraction. The organic layer was separated, washed 
with saturated aqueous sodium chloride and dried over anhydrous magnesium sulfate, and the solvent was evaporated 
in vacuo. The residue was dissolved in 50 ml of dioxane and catalytically reduced with 0.4 g of a 1 0% palladium-carbon 
catalyst at room temperature at atmospheric pressure of hydrogen for 20 hours. The catalyst was filtered off, and the 
solvent was evaporated in vacuo. The residue was precipitated in hexane and the precipitate was collected by filtration 

45 and dried to give 3.02 g of the title compound as a colorless crystalline powder, mp 55-57°C. 

12.97 g of the di-tert-butyl ester thus obtained and 13.24 g of cinchonidine were dissolved in 1 L of carbon tetrachlo- 
ride by heating, and the solution was seeded and left standing at room temperature for 24 hours. The crystals were col- 
lected by filtration, and dissolution of the crystals in 1 L of hot carbon tetrachloride and seeding of the solution followed 
by 24 hours of standing at room temperature were repeated two more times to obtain 6.66 g of the cinchonidine salt of 

50 the title compound, which was designated as the (S*)-isomer for the sake of convenience, 

[a] d° -62.7° (c 1.0 chloroform). 

The cinchonidine salt thus obtained was dissolved in a mixture of ethyl ether and 1 N hydrochloric acid cooled with 
55 ice, and the organic layer was separated and post-treated by a usual method to give the (S*)-isomer of the title com- 
pound as a colorless oily substance, 

[a] d° +4.44° (c 0.92 chloroform). 
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The cinchonidine salt of the other enantiomer which was contained abundantly in the other Iraction obtained during 
the above optical resolution was converted to the free acid and treated with quinine in isopropylether in a similar manner 
to give the enantiomer, which was designated as the (R*)-isomer for the sake of convenience. 

5. REFERENCE EXAMPLE 2 

Preparation of 2.3.4-triethvl (2RS.3SR1-1 .2.3.4-butanetetracarboxvlate 

1.17 g of tetraethyl (2RS.3SR)-1,2,3,4-butanetetracarboxylate was dissolved in a mixture of 5 ml of ethanol and 5 
w ml of water, and stirred with 142 mg of lithium hydroxide monohydrate at room temperature overnight. The ethanol was 
evaporated in vacuo, and diethyl ether was added to the residual solution for partitioning. The aqueous layer was sep- 
arated, acidified with 1 N hydrochloric acid and extracted with diethyl ether. The organic layer was dried over anhydrous 
magnesium sulfate, the desiccant was filtered off, and the solvent was evaporated in vacuo. The residue was purified 
by silica gel column chromatography [chloroform/methanol = 100/1 -> 30/1] to give 460 mg of the title compound as a 
75 colorless oily substance. 

REFERENCE EXAMPLE 3 

Preparation of f2RS.3RSV3-tert-butoxvcarbonvl-5-oxotetrahvdrofuran-2-carboxvlic acid 

(1) Preparation of (2RS,3SR)-2-diphenylmethoxycarbonyl-5-oxotetrahydrofuran-3-carboxylic acid 

262 mg of (2RS,3SR)-5-oxotetrahydrofuran-2,3-dicarboxylic acid in 5 ml of acetone was stirred with 291 mg of 
diphenyldiazomethane at room temperature for 20 minutes. The reaction solution was evaporated in vacuo to dryness. 
25 The residue was purified by silica gel column chromatography [chloroform/methanol = 100/1 -» 10/1] to give 163 mg of 
the title compound as a white powder. 

(2) Preparation of 3-tert-butyl 2-diphenylmethyl (2RS,3RS)-5-oxotetrahydrofuran-2,3-dicarboxylate 

so 163 mg of (2RS,3SR)-2-diphenylmethoxycarbonyl-5-oxotetrahydrofuran-3-carboxylic acid. 59 mg of 4-dimethylami- 
nopyridine and 36 mg of tert-butanol in 4 ml of methylene chloride were stirred with 1 10 mg of 1-ethyl-3-(3-dimethylami- 
nopropyl)carbodiimide hydrochloride at room temperature for 13 hours. The reaction solution was diluted with 
methylene chloride, washed successively with 10% aqueous citric acid, saturated aqueous sodium hydrogencarbonate 
and saturated aqueous sodium chloride and dried over anhydrous magnesium sulfate. The desiccant was filtered off, 

35 the solvent was evaporated in vacuo. The residue was purified by silica get column chromatography [hexane/ethyl ace- 
tate = 10/1] to give 148 mg of the title compound as a colorless oily substance. 

(3) Preparation of (2RS,3RS)-3-tert-butoxycarbonyl-5-oxotetrahydrofuran-2-carboxylic acid 

40 148 mg of 3-tert-butyl 2 ^diphenyl methyl (2RS,3RS)-5-oxotetrahydrofuran-2,3-dicarboxylate in 4 ml of ethyl acetate 
was catalytically reduced with 15 mg of a 10% palladium-carbon catalyst at room temperature at atmospheric pressure 
of hydrogen for 15 hours. The catalyst was filtered off, and the solvent was evaporated in vacuo. The residue was 
washed with benzene to give 66 mg of the title compound as a white crystalline powder. 

45 REFERENCE EXAMPLE 4 

Preparation of (2S.3S)-3-tert-butoxycarbonyl-5-oxotet rahydrofuran-2-carboxvlic acid 

(1) Preparation of 3-tert-butyl 1,2-diethyl (1S,2R)-1-hydroxy-1,2,3-propanetricarboxylate 

50 

31 ml of 1.69M hexane solution of n-butyllithium was dissolved in 30 ml of tetrahydrofuran, and 7.1 ml of diisopro- 
pylamine was added under cooling with ice. The resulting solution was stirred at the same temperature for 30 minutes 
and then cooled to -78°C. 4.94 g of diethyl (S)-malate in 20 ml of tetrahydrofuran was added dropwise at or below -50°C, 
and the resulting reaction solution was stirred at -20°C for 1 .5 hours. The reaction solution was cooled to -78°C, and a 
55 solution of 5.58 g of tert-butyl bromoacetate.and 4.66 g of hexamethylphosphoric triamide in 20 ml of tetrahydrofuran 
was added dropwise at or below -50°C. The resulting reaction solution was stirred at. room temperature for 1 hour. The 
reaction solution was poured into 150 ml of 0.5N hydrochloric acid and extracted with diethyl ether, and the organic layer 
was washed with saturated aqueous sodium hydrogencarbonate and saturated aqueous sodium chloride and dried 



21 



EP 0 856 315 A1 



over anhydrous magnesium sulfate. The desiccant was filtered off, the solvent was evaporated in vacuo. The residue 
was purified by silica gel column chromatography [hexane/ethyl acetate = 5/1 -> 4/1] to give 3.88 g of the title compound 
as a yellow oily substance. 

(2) Preparation of (2S,3R)-5-oxotetrahydrofuran-2,3-dicarboxyiic acid 

16.49 g of 3-tert-butyl 1,2-diethyl (1S,2R)-1-hydroxy-1,2,3-propanetricarboxylate, 100 ml of acetic acid and 50 ml 
of concentrated hydrochloric acid were mixed and stirred at 70°C for 5 hours. The acetic acid and hydrochloric acid 
were evaporated in vacuo, and the residue was dissolved in 100 ml of acetic acid and 50 ml of concentrated hydrochlo- 
ric acid again. The resulting solution was stirred at 70°C for 12 hours. The acetic acid and hydrochloric acid were evap- 
orated in vacuo, and the residue was stirred in 100 ml of trifluoroacetic acid at 60°C for 5 hours. The trifluoroacetic acid 
was evaporated in vacuo, and the residue was crystallized in hexarie-ethyl acetate to give 9.38 g of the title compound 
as a white powder. 

(3) Preparation of (2S,3R)-2-benzyloxycarbonyl-5-oxotetrahydrofuran-3-carboxylic acid 

5.2 g of (2S,3R)-5-oxotetrahydrofuran-2,3-dicarboxylic acid in 88 ml of acetone was stirred with 6.5 g of 1,1'-dicy- 
clohexylcarbodiimide at room temperature for 2 hours. 3.26 ml of benzyl alcohol was added, and the reaction solution 
was stirred at the same temperature for 12 hours. The insolubles were filtered off, the filtrate was concentrated in vacuo. 
The residue was purified by silica gel column chromatography [hexane/ethyl acetate = 4/1 chloroform/methanol = 
50/1] to give 7.93 g of the title compound as a yellow solid. 

(4) Preparation of 2-benzyl 3-tert-butyl (2S,3S)-5-oxotetrahydrofuran-2,3-dicarboxylate 

To 7.93 g of (2S.3R)-2-benzyloxycarbonyl-5-oxotetrahydrofuran-3-carboxylic acid in 75 ml of chloroform, 5.5 g of 4- 
dimethylaminopyridine, 8.6 g of 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride and 5.7 ml of tert-butyl 
alcohol were successively added, and the resulting reaction solution was stirred at room temperature for 60 hours. The 
reaction solution was poured into 1N hydrochloric acid cooled with ice and extracted with ethyl acetate. The organic 
layer was dried over anhydrous magnesium sulfate, the desiccant was filtered off, the solvent was evaporated in vacuo, 
and the residue was purified by silica gel column chromatography [hexane/ethyl acetate = 5/1] to give 6.48 g of the title 
compound as a white solid. 

(5) Preparation of (2S,3S)-3-tert-butoxycarbonyl-5-oxotetrahydrofuran-2-carboxylic acid 

6.4 g of 2-benzyl 3-tert-butyl (2S,3S)-5-oxotetrahydrofuran-2,3-dicarboxylate in 80 ml of ethyl acetate was catalyti- 
cally reduced with 640 mg of a 10% palladium-carbon catalyst at room temperature at atmospheric pressure of hydro- 
gen for 3 hours. The catalyst was filtered off, and the filtrate was evaporated to dryness to give 4.39 g of the title 
compound as a white solid. 

REFERENCE EXAMPLE 5 

Preparation of N-((1R.2RV4.4-diethoxv-1-methvl-2-(3.4-methvlenedioxvphenvnbutvn-2-naDhthvlmethvlamine 

(1) Preparation of 5,5-diethoxy-3-(3,4-methylenedioxyphenyl)pentan-2-one 

To 1 1 .7 g of 3,4-methylenedioxyphenylacetone in 100 ml of dimethylformamide, 2.76 g of 60% oily sodium hydride 
was added under cooling with ice with stirring, and after stirring at the same temperature for 30 minutes, 20.9 g of iodoa- 
cetaldehyde diethyl acetal in 20 ml of dimethylformamide was added. The reaction solution was stirred at room temper- 
ature for 2 hours and partitioned between water and ethyl ether. The organic layer was washed with saturated aqueous 
sodium chloride and then dried over anhydrous magnesium sulfate. The desiccant was filtered off, and the solvent was 
evaporated in vacuo. The residue was purified by silica gel column chromatography [hexane/ethyl acetate = 15/1 -> 
10/1] to give 1 8.3 g of the title compound. 

(2) Preparation of (2RS,3SR)-5,5-diethoxy-3-(3,4-methylenedioxyphenyl)pentan-2-ol 

To 18.3 g of 5.5-diethoxy-3-(3,4-methylenedioxypheny1)pentan-2-one in 200 ml of tetrahydrofuran, 65 ml of 1M tet- 
rahydrofuran solution of lithium tri-sec-butylborohydride was added under cooling at -78°C with stirring, and the result- 
ing solution was stirred at the same temperature for 1 hour. To the reaction solution stirred and cooled with ice, 109 ml 
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of 3N aqueous sodium hydroxide was added, and then 48 ml of 30% aqueous hydrogen peroxide was gradually added 
dropwise. The reaction solution was stirred at room temperature for 1 hour and partitioned between ethyl ether and 
water. The organic layer was washed with saturated aqueous sodium thiosulfate and saturated aqueous sodium chlo- 
ride and dried over anhydrous magnesium sulfate. The desiccant was filtered off, and the solvent was evaporated in 
5 vacuo. The residue was purified by silica gel column chromatography [hexane/ethyl acetate = 10/1 3/1] to give 16.8 
g of the title compound. 

(3) Preparation of (2S,3R)-5,5-diethoxy-3-(3,4-methylenedioxyphenyl)pentan-2-ol 

w To 31.98 g of (2RS,3SR)-5,5<iiethoxy-3-(3,4-methylenedioxyphenyl)pentan-2-orin 320 ml of vinyl acetate, 15.1 ml 
of triethylamine was added. The resulting reaction solution was stirred with 1.0 g of immobilized lipase (Toyozyme LIP) 
at 30°C for 16 hours. After 0.9 g of immobilized lipase was further added, the solution was stirred at the same temper- 
ature for 46 hours. The insolubles were filtered off, and the filtrate was diluted with ethyl acetate, washed successively 
with 1N hydrochloric acid, saturated aqueous sodium hydrogencarbonate and saturated aqueous sodium chloride and 

15 dried over anhydrous magnesium sulfate. The desiccant was filtered off, and the solvent was evaporated in vacuo. The 
residue was purified by silica gel column chromatography [hexane/ethyl acetate = 5/1 1/1] to give 18.40 g of (2R.3S)- 
2-acetoxy-5,5-diethoxy-3-(3,4-methylenedioxyphenyl)pentane and 16.05 g of the title compound as colorless oily sub- 
stances. 

20 (4) Preparation of (1 R,2R)-4,4-diethoxy-1 -methyl-2-(3,4-methylenedioxy)phenylbutylamine 

To 15.2 g of (2S,3R)-5,5-diethoxy-3-(3,4-methylenedioxyphenyl)pentan-2-ol in 130 ml of ethyl acetate cooled with 
ice, 14.0 ml of triethylamine and 6.0 ml of methanesulfonyl chloride were added with stirring, and the resulting reaction 
solution was stirred at the same temperature for 30 minutes. After addition of saturated aqueous sodium hydrogencar- 

25 bonate, the reaction solution was vigorously stirred at room temperature for 30 minutes and then extracted with ethyl 
acetate. The organic layer was washed with saturated aqueous sodium chloride and dried over anhydrous magnesium 
sulfate. The desiccant was filtered off, and the solvent was evaporated in vacuo. Then, the residue was dissolved in 100 
ml of dimethylformamide and heated with 16.7 g of sodium azide at 120°C for 1 hour with stirring. The reaction solution 
was allowed to cool to room temperature and partitioned between ethyl ether and water. The organic layer was sepa- 

30 rated and washed with saturated aqueous sodium chloride, and the solvent was evaporated in vacuo. The resulting res- 
idue was refluxed with 13.5 g of triphenylphosphine in 1 10 ml of tetrahydrofuran containing 10% of water under heating 
for 4 hours. The reaction solution was evaporated to dryness in vacuo, and the residue was purified by silica gel column 
chromatography [ethyl acetate -> ethyl acetate/methanol = 10/1] to give 1 1 .8 g of the title compound. 

35 (5) Preparation of N-{(1 R^RM^-diethoxy-Vmethyl^S^ 

1 1 .8 g of (1 R,2R)-4,4-diethoxy-1 -methyl-2-(3,4-methylenedioxy)phenylbutylamine in 80 ml of methanol, was stirred 
with 5.98 g of 2-naphthaldehyde at 60°C for 3 hours. The reaction solution was cooled to 0°C and stirred with 2.27 g of 
sodium borohydride at room temperature for 1 hour. The reaction solution was poured into water and extracted with 
40 ethyl acetate. The organic layer was washed with saturated aqueous sodium chloride and dried over anhydrous mag- 
nesium sulfate. The desiccant was filtered off, and the solvent was evaporated in vacuo. The residue was purified by 
silica gel column chromatography [hexane/ethyl acetate = 10/1 2/1] to give 16.6 g of the title compound. 

INDUSTRIAL APPLICABILITY 

45 

The antitumor or anti-AIDS composition of the present invention suppresses the function of the Ras oncoproteins 
remarkably, by virtue of the combination of a protein-farnesyltransferase inhibitor and an agent which decreases far- 
nesyl pyrophosphate in vivo, and is useful as antitumor or anti-AIDS agent. 

so Claims 

1. An antitumor or anti-AIDS composition containing a protein-farnesyltransferase inhibitor and an agent which 
decreases farnesyl pyrophosphate in vivo as active ingredients. 

55 2. The antitumor or anti-AIDS composition according to Claim 1 , the agent which decreases farnesyl pyrophosphate 
in vivo is a farnesyl pyrophosphate biosynthesis inhibitor. 

3. The antitumor or anti-AIDS composition according to Claim 2, wherein the farnesyl pyrophosphate biosynthesis 
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inhibitor is a hydroxymethylglutaryl CoA reductase inhibitor. 

4. The antitumor or anti-AIDS composition according to Claim 3, the hydroxymethylglutaryl CoA reductase inhibitor is 
lovastatin, simvastatin, pravastatin or lluvastatin. 

5 

5. The antitumor or anti-AIDS composition according to Claim 1 , wherein the protein-farnesyltransferase inhibitor is a 
competitive inhibitor which competes with farnesyl pyrophosphate. 

6. The antitumor or anti-AIDS composition according to Claim 1 , wherein the protein-farnesyltransferase inhibitor is a 
io compound represented by general formula [l-a] or a pharmaceutical^ acceptable salt or ester thereof: 

" R 2 '-^Ar"-Q'»-CH 2 R 6 ' Jftr 3 * 
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CH 

R 3a -KAr 2a -CH«-CH-N— C— A la -COOH [ ] 

Y-s i ii 

R 4a. R 5a 0 



wherein each of 

25 




30 

which may be the same or different is an aryl group or an aromatic heterocyclic group; A 1a is a saturated or unsatu- 
rated aliphatic C 2 .s hydrocarbon group which may have substituents selected from the group consisting of lower 
alkyl groups, hydroxyl groups, lower hydroxyalkyl groups, lower alkoxy groups, carboxyl groups, lower carboxyalkyl 
groups, aryl groups and aralkyl groups; Q 1a is -(CH 2 ) m -(wherein m is an integer of from 1 to 6) or -(CH 2 ) n -W 1a - 

35 (CHgJp- (wherein W la is an oxygen atom, a sulfur atom, a vinylene group or an ethynylene group; each of n and p 
which may be the same or different is an integer of from 0 to 3); R 1a is a hydrogen atom, a halogen atom, a hydroxyl 
group, a lower alkyl group, a lower alkoxy group or an aryl or aromatic heterocyclic group which may have substit- 
uents selected from the group consisting of halogen atoms, lower alkyl groups and lower alkoxy groups; each of 
R 2a , R 7a and R 88 which may be the same or different is a hydrogen atom, a halogen atom, a hydroxyl group, a lower 

40 alkyl group or a lower alkoxy group; each of R 3a and R 43 which may be the same or different is a hydrogen atom, 
a halogen atom, a hydroxyl group, an amino group, a nitro group, a cyano group, a carboxyl group, a lower alkoxy- 
carbonyl group, a carbamoyl group, a lower alkylcarbamoyl group, a lower alkyl group, a lower hydroxyalkyl group, 
a lower fluoroalkyl group or a lower alkoxy group; R 5a is a lower alkyl group; and R 6a is a hydrogen atom or a lower 
alkyl group. 

45 . 

7. The antitumor or anti-AIDS composition according to Claim 1 , wherein the protein-farnesyltransferase inhibitor is a 
compound represented by general formula [l-b] or a pharmaceutical^ acceptable salt or ester thereof: 
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5 . 




R 8b 

Ar 2b -CHo R 7b Arjy 



So 



10 



wherein each of 
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Ar* b ~ and 
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which may be the same or different is an aryl group or an aromatic heterocyclic group; A 1b is a saturated or unsatu- 
rated aliphatic C2.8 hydrocarbon group which may have substituents selected from the group consisting of lower 
alky] groups, hydroxyl groups, lower hydroxyalkyl groups, lower alkoxy groups, carboxyl groups, lower carboxyalkyl 

25 groups, aryl groups and aralkyl groups; each ol X 1b and Y 1b which may be the same or different is an oxygen atom, 
a sulfur atom, a carbonyl group. -CHR 10b -(wherein R 10b is a hydrogen atom or a lower alkyl group) or -NR 11b - 
(wherein R 1 1b is a hydrogen atom or a lower alkyl group), or X 1 b and Y 1b together represent a vinylene group or an 
ethynylene group; each of R 1b R 2 * 5 , R 3b R 8 * 5 and R 9b which may be the same or different is a hydrogen atom, a 
halogen atom, a hydroxyl group, a lower alkyl group or a lower alkoxy group; each ol R 4b and R 5b which may be the 

30 same or different is a hydrogen atom, a halogen atom, a hydroxyl group, an amino group, a nitro group, a cyano 
group, a carboxyl group, a lower alkoxycarbonyl group, a carbamoyl group, a lower alkylcarbamoyl group, a lower 
alkyl group, a lower hydroxyalkyl group, a lower f luoroalkyl group or a lower alkoxy group; R 6b is a lower alkyl group; 
and R 7b is a hydrogen atom or a lower alkyl group, provided that when either X 1b or Y 1b is an oxygen atom, a sulfur 
atom or -NR 11b - (wherein R 11b is the same as defined above), the other is a carbonyl group or -CHR 10b - (wherein 

35 R 10b is the same as defined above). 

8. The antitumor or anti-AIDS composition according to Claim 1, the weight ratio of the protein-farnesyltransferase 
inhibitor and the agent which decreases farnesyl pyrophosphate in vivo is from 0.001 :1 to 1 000:1 . 
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